Waterborne viruses infect the human population through the consumption of contaminated drinking water and by direct contact with polluted surface water during recreational activity. Although water related viral outbreaks are a major public health concern, virus detection is not a part of the water quality monitoring scheme, mainly due to the absence of routine analysis methods. In the present study, we implemented various approaches for water concentration and virus detection, and tested on Hungarian surface water samples. Eighty samples were collected from 16 sites in Hungary.
INTRODUCTION
Water is the main transport medium for many human pathogens, including bacteria, protozoa and enteric viruses.
Infection caused by waterborne pathogenic microorganisms is the most common and widespread health risk associated with water consumption (WHO ). Drinking and bathing water related outbreaks, often with unknown etiology, are a serious public health concerns, not only in developing countries but also in countries with a developed infrastructure.
Most of these infections are due to enteric viruses, which spread by the fecal-oral route, such as adenoviruses, noroviruses, enteroviruses, hepatitis A and E viruses, rota-low sensitivity (Kopeczka et al. ) , high cost and long analysis time (Tsai et al. ; Ma et al. ) , and the toxic effects of water constituents that are concentrated in parallel with the viruses (Abbaszadegan et al. ) . Genus specific polymerase chain reaction (PCR) allows detection of noncultivable viruses and the simultaneous detection of multiple serotypes (Girones et al. ) .
Though PCR-based methods have their limitations in the estimation of viability and infectivity, they are finding their way into natural bathing water quality assessment (e.g. In the present study, we applied various water concentration and virus detection methods and tested their performance and applicability in routine analysis of the surface water in Hungary. To our knowledge, this is the first report on the prevalence of human pathogen viruses in Hungarian surface waters.
MATERIALS AND METHODS

Samples and sampling sites
A total of 80 surface water samples were collected between August 2006 and July 2010 in Hungary ( Figure 1 and Table 1 ). Grab samples were taken at 120 cm water depth, 30 cm below surface in sterile 10 L containers from 16 different sampling sites along Hungarian rivers and streams.
Sampling sites were selected to represent rivers of different size and flow rate, and geographically distant areas. The two largest rivers in Hungary, the Danube and the Tisza, were characterized in more detail (four and six sampling sites, respectively). Three sampling points were located on the tributaries of the Tisza (Berettyó, Hármas-Körös, Sebes-Körös).
Two streams running into Lake Balaton (Kéki, Koloska), and an oxbow lake of a former Danube branch were also sampled. Seven of the sites were used for recreational water activities (n ¼ 42), nine sampling sites had no recreational use (n ¼ 38). Recreational water samples were collected during the bathing season (for sampling dates, see Table 1 ).
Wastewater treatment plants, releasing secondary (activated sludge) or tertiary (phosphorus removal or chlorination) treated effluent, were located close to several sampling points, but there was generally no direct contact with the effluent, as the point of inflow was downstream to all sampling sites except Danube2-4. Danube2 is close to the efflux of a tertiary treated wastewater, Danube3 is near a discharge point of primary treated (mechanically filtered) wastewater and Danube4 is located 2 river km downstream from Danube3. Tisza4 is the only natural bathing water sampling site directly affected by secondary treated communal sewage. There was no drinking water abstraction from surface water at any of the sampling sites, though bank filtered wells are located along the Danube. Drinking water in the sampled areas is mainly from groundwater. Samples were collected from eight riverine locations between 2006 and 2010, five sites were sampled on multiple occasions. Sites are specified by the investigated river and the nearest municipality.
Samples were stored at þ2-8 W C until processing (<24 h).
Sample processing
Virus concentration was performed by the methods developed in the European Union funded project Virobathe 
Quality control
For quality control purposes, 10 L of dechlorinated, sterile tap water was spiked with echovirus serotype 11 (ECHO-11) or human adenovirus type 2 (HAdV-2) and processed in parallel with the surface water samples (positive process control). Dechlorinated, sterile tap water was used as a negative process control with every batch. In addition, reaction control was included in every PCR run; a negative (reagent) control and purified viral nucleic acid (HAdV-2, ECHO-11 and human norovirus genogroup II genotype 13) as positive control. Internal amplification control was omitted to increase sensitivity, but all PCRs were run using three dilutions (using undiluted, 10-fold and 100-fold diluted nucleic acids) to overcome inhibition effects.
RESULTS
Virus detection and quantification
Over 56% (45/80) of the samples were positive for adenovirus by nested PCR. Norovirus and enterovirus RNA were 
Comparison of membrane and glass wool filtration methods
In order to compare the efficiency of two ubiquitously applied adsorbents, 24 samples were concentrated by both membrane filtration and glass wool adsorbent (Figure 3 ).
Eighteen of the 24 samples (75.0%) were positive for at least one of the examined viruses after glass wool filtration and 15 samples (62.5%) after membrane filtration. Adenoviruses were detected in 16 (66.7%) and 14 samples (58.3%) by glass wool and membrane filtration, respectively.
A similar trend was observed for the concentration of The average titer of HAdV was higher after the glass wool concentration method than after the membrane filtration (geometric mean titer 1.97 × 10 3 GC/L and 1.58 × 10 3 GC/L, respectively).
Fecal indicator counts
In the investigated natural bathing waters E. coli counts ranged from 3.0 × 10 1 to 7.3 × 10 2 MPN/100 mL, with a mean value of 2.0 × 10 2 MPN/100 mL, and intestinal enterococci counts from 1.5 × 10 1 to 1.0 × 10 3 MPN/100 mL, with a mean value of 1.0 × 10 2 MPN/100 mL. In other surface water samples E. coli were detected between 6.1 × 10 1 MPN/100 mL and 9.5 × 10 4 MPN/100 mL with a mean value of 8.9 × 10 2 MPN/100 mL and intestinal enterococci between 1.5 × 10 1 MPN/100 mL and 2.0 × 10 4 MPN/ 100 mL with a mean value of 5.7 × 10 2 MPN/100.
DISCUSSION
A high prevalence of enteric viruses was detected in the eight investigated Hungarian rivers and streams (Table 3) .
Smaller streams and rivers were usually less contaminated (though the average sample number was also lower), while the samples from large rivers (Tisza and Danube) were almost 70% positive for at least one of the targeted viruses.
There is no previous systematic prevalence information available on enteric viruses in Hungarian surface waters.
Recent information on viruses in Hungarian water environments is limited to reports on raw and treated sewage The sequence analyses confirmed that potentially human pathogen viruses were detected during this study.
Predominantly enteric adenoviruses were present as it was previously reported (Hamza et al. ) . In the case of enterovirus typing, the molecular analysis of the virus protein 1 (VP1) region would be more appropriate instead of the highly conserved 5 0 NTR region and needs further analysis 
